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Introduction
Innovation has, for a long time, been considered important for both growth and survival.
The importance of innovation has been established as a necessary ingredient for firms simply wanting to remain competitive or pursue long-term advantages (Hamel, 1998; Roberts, 1998) . For economies, innovation is frequently cited as a critical element of growth (Freeman and Soete, 1997) . Given the importance of innovation, research from a variety of disciplines has looked for answers to the critical question of "what can be done to improve innovation?" (e.g., Anderson and West, 1996; Capon, Farley, Lehmann and Hulbert, 1992; Cooper and Kleinschmidt, 1987; Cooper and Kleinschmidt, 1996; Freeman and Soete, 1997; Hansen and Wernerfelt, 1989; Vázquez, Santos and Álvarez, 2001 ). With the emergence of knowledge management and intellectual capital as new disciplines, papers are starting to appear that add these constructs to the long list of possible antecedents of innovation (e.g., Antonelli, 1999; Carneiro, 2000; David and Foray, 1996; Dove, 1999; Nonaka and Takeuchi, 1995) .
However, the extant literature is yet to provide empirical evidence linking knowledge management or intellectual capital with innovation. Focusing on these relationships is important for theoretical and strategic reasons. First, by empirically examining a relationship between the constructs, measures for each need to be developed. This in itself is important because researchers are quick to point out the need to identify, manage and develop intangible assets such as knowledge or intellectual capital in order to enhance firm value but offer managers little direction on how this can be achieved.
Second, the differences between radical and incremental innovation are often not well developed in studies that seek to provide guidance to managers on how to improve the innovative profile of the firm. Common sense suggests that types of innovation will require different resources and therefore need to be managed differently.
Against this backdrop, the research reported in this paper does empirically link knowledge management to both incremental and radical innovation and so contributes to our understanding of the benefits of effective knowledge management. This paper is structured as follows. First, theoretical foundations upon which the study is based are discussed. Relevant hypotheses are included within this section. Next the research design is discussed followed by a presentation of the results. Lastly, both theoretical and managerially relevant conclusions are presented along with limitations of the study and recommendations for future research.
Theoretical Foundations
Knowledge management is emerging as an important concept and is often cited as an antecedent of innovation (Antonelli, 1999; Carneiro, 2000; Dove, 1999; Nonaka & Takeuchi, 1995) . While the need to effectively manage knowledge is generally accepted, knowledge management is still an elusive concept and much literature continues to explore issues of definition. Until a definition is widely accepted, measuring knowledge management and identifying its effect on outcomes such as innovation and firm performance will be hard to determine.
In an attempt to move the discipline forward, and after a thorough review of literature and discussions with managers, Darroch and McNaughton (2001a) suggested that knowledge comprises data, information and tacit knowledge and that knowledge management is:
The management function that creates or locates knowledge, manages the flow of knowledge within the organisation and ensures that the knowledge is used effectively and efficiently for the long-term benefit of the organisation.
Furthermore, when knowledge is used, learning takes place, which in turn, improves the stock of knowledge available to the firm. Therefore, a firm that effectively manages knowledge is also likely to be a learning organisation (Sinkula, Baker and Noordewier, 1997) . Lastly, if a firm demonstrates competence in knowledge management then one might consider it to have a knowledge management-orientation. This means that effective knowledge management becomes a guiding business philosophy that influences the strategies undertaken by managers within the firm.
Effective knowledge management has been presented in the literature as one method for improving innovation and performance. More specifically, knowledge dissemination and responsiveness to knowledge have been mooted as the two components that would have the most impact on the creation of a sustainable competitive advantage, such as innovation, because of their ambiguity and uniqueness to the firm (Day, 1994; Fahey and Prusak, 1998; Grant, 1996; Teece, 1998; Teece, 2000) .
While many studies have reported aspects of knowledge management as antecedents of innovation, none have explicitly examined the relationship between the two constructs.
While on the surface this point may be pedantic it does reflect the dearth of empirical studies in knowledge management. Following an extensive search of the innovation literature, there appears to be convincing empirical evidence that knowledge acquisition will positively affect innovation but mixed evidence of a link between knowledge dissemination or responsiveness to knowledge and innovation. Studies considering knowledge acquisition have found a positive link between acquiring market knowledge or knowledge from employees and innovation (Cooper, 1979; Li and Calantone, 1998; Lynn, Reilly and Akgun, 2000; Tang, 1999) . Capon, Farley, Lehmann and Hulbert (1992) found that spending money on R&D to generate new ideas would lead to innovation. Studies linking aspects of knowledge dissemination and innovation have provided mixed results. For example, inter-functional coordination and human resource practices were found to positively affect innovation (Abbey, 1983; Ittner and Larcker, 1997; Li and Calantone, 1998; Sethi, 2000; Song and Parry, 1997; Tang, 1999) .
However, encouraging work group behaviour that supports innovation and allowing people the time for innovation yielded mixed results (Abbey, 1983; Amabile, Conti, Coon, Lazenby and Herron, 1996; Anderson and West, 1996; Hurley and Hult, 1998; Kitchell, 1995; Tang, 1999) . Lastly, codifying or making knowledge explicit in a database or organisational memory was generally found to not affect innovation (Abbey, 1983; Moorman and Miner, 1997; Tang, 1999) . The last component of knowledge management, responding to knowledge, was found to positively affect innovation in one study (Kitchell, 1995) . Therefore, it is fair to conclude that the relationship between knowledge management and innovation is not well understood.
Based on the discussion above, the following hypotheses are offered: H 1 : Having informal and formal knowledge dissemination processes will positively affect innovation.
H 2 : Having a learning organisation will positively affect innovation.
Along with the lack of research linking knowledge management and innovation, the studies reported above have generally failed to account for the different types of innovation, such as radical or incremental, and so are of limited use. The need to identify different types of innovation in research should be self-evident as each type of innovation probably requires different resources and core competencies in order to effect. The following discussion elaborates upon these points.
Innovation is generally accepted as meaning the development and implementation of new ideas ( Van de Ven, 1986) . Various typologies of innovation have been discussed in the literature. For example, innovation can occur at various levels within an organisation:
with products (what is produced), processes (how it is produced) and organisational forms (where it is produced) (Chandrashekaran, Mehta, Chandrashekaran and Grewal, 1999) . Alternatively, innovations can range from radical to incremental or market-pull to technology-push.
The distinction between incremental and radical innovation is important given the different effects each type of innovation is likely to have on an organisation. Most innovations are incremental and will present themselves as either line extensions or modifications of existing products (Dosi, 1988) . The ideas for these innovations are likely to come from the marketplace and so will be based on market research among current and potential customers and possibly also information about competitors and industry trends. Thus, incremental innovations are usually classified as market-pull innovations. Furthermore, they are more likely to flow from firms categorised as marketoriented since these firms are said to be more proficient in gathering, disseminating and responding to intelligence about the marketplace (Kohli and Jaworksi, 1990) . Since incremental innovations do not require a significant departure from existing business practices, they are likely to enhance existing internal competencies by providing the opportunity for those within the organisation to build on existing know-how (Tushman and Anderson, 1986) .
By contrast, a radical innovation is likely to be competence destroying, often making existing skills and knowledge redundant (Tushman and Anderson, 1986) . Additionally, radical innovations often require different management practices (O'Connor, 1998; Rice, O'Connor, Peters and Morone, 1998) . These innovations are more likely to originate from scientists and so are classified as technology-push innovations (Dosi, 1988; Workman Jr, 1993; Green, Gavin and Aiman-Smith, 1995; O'Connor, 1998) . Radical innovations often put the business at risk because they are more difficult to successfully commercialise. However, they are considered important for long-term success as they involve the development and application of new technology, some of which might change existing market structures (Veryzer Jr., 1998) . Radical innovations are also likely to open up opportunities for follow-on incremental improvements (Ettlie and Rubenstein, 1987) .
Even within the definition of a radical innovation there are different perspectives since a radical innovation could be either new to the world or new to the firm. A new to the world innovation represents either a pioneering breakthrough or a new combination of existing technologies. Often new to the world products do not have an identifiable use or market and so, in the process of being commercialised, require new markets to be created or existing ones to be revolutionised (Anderson and Tushman, 1991; Ettlie and Rubenstein, 1987) . A new to the firm innovation can represent a risky departure from existing business practices and so, to the innovating firm, takes on similar characteristics to new to the world innovations -even though the market might not see the innovation as all that radical (Barczak, 1991; Green et al., 1995; Hage, 1980 ).
An incremental innovation, by definition, will be more closely aligned to the expressed needs of consumers. Radical innovations have tended to ignore consumers' expressed needs. This has often been cited as a possible reason as to why radical innovations fail (Gatignon and Robertson, 1985) . However, an emerging view is that to be innovative, a firm needs complimentary market-pull and technology-push strategies (Freeman and Soete, 1997) . On the one hand the firm should have gained market knowledge from existing customers (Li and Calantone, 1998) . At the same time, the firm should endeavour to come up with combinations of technology that provide it with a competitive advantage -assuming of course that the firm is capable of working with the new technology (Freeman and Soete, 1997; Langrish, Gibbons, Evans and Jevons, 1972; Schmookler, 1966) . Firms that operate with this kind of balanced focus tend to perform better than firms that focus on either market-pull or technology-push innovations (Cooper, 1985) .
To accommodate this more balanced approach to innovation, some researchers have deliberately introduced an element of customer-orientation into their definitions of innovation (Chandy and Tellis, 1998; Ramanujam and Mensch, 1985; Veryzer Jr., 1998) .
One method for introducing a consumer-orientation into innovation definitions is to consider changes to behaviour as a result of using the innovation: the more radical the innovation the greater the need for consumers to change their behaviour in order to adopt the innovation (Lawton and Parasuraman, 1980; Robertson, 1971; Schiffman and Kanuk, 1997) . Another way of introducing a consumer perspective is to look at the additional value or benefits the product provides the consumer: the more radical the innovation the greater the value to the consumer and the more advantages the product offers over existing products (Chandy and Tellis, 1998; Kleinschmidt and Cooper, 1995) .
Based on the discussion above, the following hypotheses are offered:
H 3 : Managing knowledge about the marketplace in which the firm operates will positively affect incremental innovations.
H 4 : Managing knowledge about technology will positively affect radical innovations.
Research Design
Data collection and sample
The sample consists of 443 New Zealand firms with 50 or more employees. The decision to exclude firms with fewer than 50 employees was made on the basis that small organisations might not have the same need for knowledge management practices as larger firms. The administration of the survey proceeded in three stages. A prenotification letter was sent to the most senior person within 1743 organisations identified on a database of New Zealand firms (see www.kompass.com for a description of the database). The pre-notification letter explained to potential respondents the purpose of the research and announced the imminent arrival of the survey. Respondents were promised a report-card summary of the profile of their organisation as an incentive to complete the survey. Two weeks later, a copy of the questionnaire was mailed to potential respondents, along with a cover letter and a stamped addressed return envelope.
The useable sample size was 443 and the effective response rate (after adjustments) was 27.8%. To check for non-response bias, a random sample of 150 organisations, with whom there had been no response, was selected and sent a brief questionnaire for completion. Of this group, 44 (29.3%) completed the brief questionnaire.
Once all questionnaires were returned, they were checked and data was analysed using SPSS. Results of initial checks for response bias showed that the sample was skewed toward firms with 200 or more employees. Results of ANOVA tests showed no significant differences between mean responses from early, late or non-respondents.
Definition of variables
Knowledge Management Orientation: Using the Kohli-Jaworski instrument as a starting point, but drawing heavily on the knowledge management literature, Darroch and McNaughton (2001b) developed a scale to measure a firm's knowledge managementorientation. The scale is summarised in Table 1 and shows three knowledge management components that include 13 factors and represent a total of 54 variables.
[ Table 1 about here] Innovation: Innovation is confined to goods and services and precludes processes and organisational forms. This study uses a new scale to measure innovation that is reported in Darroch (2001) . The innovation scale, presented in Table 2 , identifies three factors that cover 14 variables. The first factor accounts for innovations that are incremental in nature and so includes the addition of new products or services to existing product ranges and the revision and repositioning of existing products or services. The second factor is labelled "innovation that changes consumers' behaviour" and accounts for new to the world innovations. The items that fall within this factor include the launch of new to the world products or services along with the launch of products or services that offer consumer greater advantages or benefits over existing products and also require consumers to change their behaviour. The last factor includes both new to the world and new to the firm innovations that have the potential to destroy existing competencies because the firm lacks the technological and business experience for them. [ Table 2 about here]
Model Specification and Estimation
The following model was estimated using ordinary least squares regression analysis on SPSS:
Where:
Y i represents each type of innovation, i: incremental innovations, innovations that change consumers' behaviour and innovations that destroy business competencies.
X 1-13 represents the thirteen knowledge management factors identified in Darroch, (2001a) .
Results
Nearly all items in the knowledge management scale were highly correlated, raising the potential problem of multicollinearity. Therefore, before proceeding with regression analysis, the variance inflation factors (VIF) were calculated and found to be no greater than 2.50 for any variable. Therefore, the decision to proceed with regression analysis was upheld since the effect of multicollinearity fell within acceptable limits (Hair Jr., Anderson, Tatham and Black, 1998) .
[ Table 3 about here] Table 3 shows the results of the regression analysis. The explanatory power of the models was greatest for incremental innovations (R 2 = 0.47) followed by innovations that change consumers' behaviour (R 2 = 0.22). For the third model, while the result was statistically significant, the R 2 was only 0.06 and so knowledge management did not provide a sufficient explanation of innovations that destroy business competencies.
In all cases, the use of informal or formal knowledge dissemination methods did not appear as an antecedent of any type of innovation and so H 1 is rejected. Innovations required a learning organisation and so H 2 is supported (α < 0.05). The results showed that firms developing incremental innovations lever more from being a learning organisation than firms that develop radical innovations (β = 0.54 versus β = 0.30 or 0.18).
Four independent variables significantly positively predicted incremental innovations:
being a learning organisation (β = 0.54, α < 0.01) being market focused in knowledge acquisition (β = 0.22, α < 0.01), being employee focused in knowledge acquisition (β = 0.13, α < 0.05) and responding to knowledge about technology (β = 0.11, α < 0.10).
Thus there was only weak support for H 3 since only one factor appeared as expected:
being market focused when acquiring knowledge. The model did not include three factors that were anticipated: responding to knowledge about customers or competitor and having a responsive marketing function Two additional factors appeared that were not expected: being employee focused and responding to knowledge about technology, although their inclusion was less robust.
Innovations that change consumers' behaviour were positively affected by responding to technology (β = 0.22, α < 0.01), being a learning organisation (β = 0.18, α < 0.01), using technology to disseminate knowledge (β = 0.15, α < 0.01) and being market focused when acquiring knowledge (β = 0.14, α < 0.10). One variable, having access to financial information, had a significant but negative impact on this type of innovation (β = -0.12, α < 0.10) and being science focused when acquiring knowledge had a significant but zero impact. Only two independent variables were found to predict innovations that destroy competencies: being a learning organisation had a significant positive affect on this type of innovation (β = 0.30, α < 0.01) while having access to financial information had a significant negative impact (β = -0.15, α < 0.10). These findings provide only partial support for H 4 , since there was no evidence that firms developing radical innovations responded to technology, although when developing innovations that change consumers' behaviour the innovating firm will acquire knowledge about technology. Three unexpected factors appeared, admittedly with less substantive support than the other factors: the use of technology to disseminate knowledge, not having strong financial knowledge and having access to market knowledge.
Conclusions
Theoretical implications
The results were, in part, surprising. Incremental innovations are often cited as coming from firms that are market-oriented. This research showed that incremental innovations do not come from firms that respond to knowledge about the market or have an effective marketing function but do come from firms that acquire market knowledge, market internally by taking time to illicit employees' attitudes and opinions about the workplace and respond to knowledge about technology.
Radical innovations were expected to come from firms with a technological-orientation.
The results showed that although radical innovations were more likely to come from firms that responded to technology, acquiring knowledge about technology was not an essential condition. What was surprising was the negative relationship between having access to financial information and developing radical innovations. There are two plausible reasons for this result: managers are either not pre-occupied with collecting and referring to detailed financial information or they simply do not have access to sufficient financial information to enable them to make a full assessment of the risks associated with an innovation that might transform the business.
Interestingly, responding to knowledge about technology appeared as an important antecedent of incremental innovations -previously, technology factors were reserved for radical innovations. Similarly, acquiring market information appeared as an antecedent of radical innovations that change consumers' behaviour where previously any market factors were reserved for incremental innovations. These findings support the view that successful innovations, no matter how radical, will eventuate from firms that balance a market-pull with a technology-push approach (Freeman and Soete, 1997) .
These results are also interesting in that they refute earlier held assumptions about the importance of knowledge dissemination practices for innovation (Nonaka and Takeuchi, 1995) . No informal or formal knowledge dissemination factors were found to directly affect innovation in this study. This does not mean that knowledge dissemination practices should be deemed unimportant. What is more plausible is that knowledge dissemination becomes part of the strategic architecture of a firm and provides indirect support to outcomes such as innovation.
A further finding of interest was that all innovations require a learning organisation. The fact that a learning organisation has a greater affect on incremental innovations might be explained by considering innovation development time. That is, incremental innovations generally take less time to develop than radical innovations allowing a firm to be more flexible and organic when developing incremental innovations.
Managerial implications
Firms need to strike a balance and develop some incremental innovations and some radical innovations -the former meets immediate market needs while the latter preserves the future. Accepting the need to develop innovations across a broad spectrum, this research showed six out of thirteen factors to be important to managers: acquiring knowledge about the market and employees, de-emphasising the acquisition of financial knowledge, using technology to disseminate knowledge, responding to knowledge about technology and being a learning organisation.
The other seven factors were not significant predictors of innovation. This means that there was no evidence to support having access to knowledge about technology, nor was there any evidence to support the use of formal and informal knowledge dissemination practices. Lastly, there was no evidence to suggest that firms, which respond to customers or competitors, will be any more innovative.
Limitations and future research
Aside from the normal limitations of self-reported research, it is important to note that the research was conducted in New Zealand. New Zealand firms are characteristically small by world standards (there are only around 3,000 firms with more than 50 employees and of those only 30 have more than 1,000 employees). However, the sample overrepresented firms with 200 or more employees, which may improve the generalisability of the results into countries characterised by larger firms. Furthermore, the effect of firm size on knowledge management is unknown. For example, it might transpire that larger firms need to manage knowledge more effectively given a greater number of people, divisions or locations or an abundance of complex knowledge. However, larger firms might also find dissemination and responsiveness activities more difficult given size constraints. Given contextual issues and the fact that some results were not anticipated, there is a need to replicate the study in different contexts. 0.54*** 0.18*** 0.30** * result significant at α < 0.10 ** result significant at α < 0.05 *** result significant at α < 0.01
